Background: Supratherapeutic international normalized ratio (INR) in patients on warfarin is a common side effect. Updated guidelines recommend against using vitamin K to correct INRs 4.5 to 10 in the absence of bleeding. The impact of compliance with updated guidelines during hospitalization has not been fully explored. Methods: A retrospective, observational study was performed utilizing electronic medical records. The goal was to evaluate management of supratherapeutic INR values for medicine inpatients and identify differences in clinical outcomes among inpatients treated and not treated with vitamin K. Records from adult inpatients with at least one INR value between 4.5 and 9 were reviewed. A total of 51 records were evaluated. Thirty-four patients did not receive vitamin K compared to 17 who did. Bleeding events, readmissions rates, length of stay, and familiarity with new guidelines were studied. Results: Mean age of patients was 73 years, and 71% were female. No statistically significant differences were observed in bleeding events between patients who received vitamin K and those who did not: 2/17 (12%) and 1/34 (3%), respectively (P = .30). No differences in 30-day readmission rates (24% vs 18%; P = .71) or in length of stay (7 vs 4 days; P = .11) were found. All pharmacists (13 of 13) were familiar with CHEST 2012 guidelines on the management of supratherapeutic INR compared to 10 of 21 (48%) hospitalists (P = .001). Conclusions: With the national focus on reduction of health care costs, health systems are looking at innovative ways to reduce readmission rates and length of stay. This study, which evaluated the use of vitamin K administration, showed no statistical difference between bleeding events, readmission rates, and length of stay in patients who received vitamin K. Education on the updates of guidelines may be beneficial, as many providers were not familiar with the changes in recommendations.
N ationally, anticoagulants contribute to approximately 10% of all drug-related inpatient adverse events. 1 Warfarin has been one of the most widely used oral anticoagulants, but it is associated with increased bleeding risks. 2 Although newer target-specific oral anticoagulants are also associated with bleeding, they currently do not require monitoring international normalized ratio (INR) values as the use of warfarin requires. Supratherapeutic INR in patients on chronic warfarin therapy is a common side effect. 3, 4 Holbrook et al 3 noted that the yearly incidence of warfarin-associated bleeding was approximately 1% to 3%. Moreover, individuals on warfarin are 5 times more likely to bleed than those not on warfarin. 5 Phytonadione (vitamin K) is used as a reversal agent for excessive anticoagulation with warfarin; it is known to reduce INRs faster than placebo. 6 A randomly controlled trial to assess management of supratherapeutic INR values 4.5 to 10 in nonbleeding patients found similar bleeding rates in patients who received vitamin K as in those who did not. 7 Updated 2012 CHEST guidelines (9th ed) recommend against the use of routine vitamin K administration while withholding warfarin for INR values 4.5 to 10 in patients without evidence of bleed. 3 The 2008 CHEST guidelines (8th ed) recommended withholding warfarin and administering low-dose vitamin K for reversal of supratherapeutic INR. 8 There are several concerns with administering vitamin K, such as anaphylaxis, overcorrection of therapeutic target INR range, and warfarin resistance once warfarin is restarted. Although rare, anaphylaxis has been associated with the intravenous dosage form of vitamin K (estimated incidence rate of 3 cases per 10,000 doses). 9 Overcorrection of therapeutic INR and warfarin resistance can render patients unprotected from thrombosis. The clinical implications of implementation of the new guidelines, such as hospital cost, inpatient outcomes, and provider knowledge, have not been completely investigated.
In this retrospective comparison study, we hypothesized that compliance with the 2012 CHEST guidelines would lead to reduced utilization of hospital resources and improvement in patient outcomes. The primary outcome measure was bleeding events noted in the setting of administering or withholding vitamin K in nonbleeding patients with an INR 4.5 to 9. Secondary measures included length of stay, readmissions, and provider awareness of updated CHEST guidelines for the use of vitamin K.
METHODS
This single-center study was conducted at a citybased, 545-bed academic teaching hospital. Medicine services comprised of both house staff and hospitalists and clinical pharmacy services are available on all units. Eligibility criteria for selected patients were at least one INR value 4.5 to 9 in adult patients admitted to the general medical service (9 was chosen as the upper limit of the INR range because laboratory restrictions at our institution do not report values >9.1). Exclusion criteria included INR values greater than or equal to 9.1, patients with evidence of active bleeding within first 24 hours of admission, use of vitamin K for indications other than warfarin reversal, emergent surgeries, or any intensive and intermediate care unit transfers. Electronic medical records for eligible patients hospitalized from December 2012 to May 2013 were reviewed.
During this selected time frame, there were 121 patients with an initial INR greater than 4.5 (Figure 1) . Forty-five patients with INRs ranging from 4.5 to 9 met exclusion criteria. Twenty-five patients with initial INRs greater than 9.1 were also excluded. Therefore, the study compared 51 patients. Seventeen patients received vitamin K and 34 did not.
Providers and pharmacists were surveyed to assess their familiarity with the 2012 CHEST guidelines, awareness of recommendation changes from the 2008 guidelines, and preferred resources for the management of elevated INR values. The survey was sent to all hospitalists and hospital pharmacists. Thirty-four of 63 health care professionals responded to the online survey.
The following is an excerpt from the survey sent to health care professionals to evaluate their familiarity with CHEST guidelines and to evaluate practice trends of management of supratherapeutic INR values secondary to warfarin: The primary endpoint was the incidence of any documented bleeding event after 24 hours of admission in patients who received vitamin K compared to those who did not. Bleeding was noted in the provider's written notes (where bleeding could be described as but not limited to development of new hematomas, epistaxis, hematemesis, hematochezia, and melena). Secondary endpoints were length of hospital stay and readmission rates. and their primary resource for management were examined by the survey. This study was conducted in accordance with the institutional review board (IRB)-approved protocol.
RESULTS
Baseline patient characteristics were similar between the 2 groups ( Table 1) , although the group receiving vitamin K was more often female (59% vs 35%; P = .234). Risk factors for bleeding included past use of aspirin (acetylsalicylic acid [ASA]) or nonsteroidal anti-inflammatory drugs (NSAIDs), history of stroke, history of gastrointestinal bleeding, malignancy, hepatic insufficiency, renal insufficiency, and warfarin sensitivity ( Table 2) . There was no statistical difference regarding risk factors for bleeding between the 2 groups. Twenty-two doses of vitamin K were administered in 17 patients; 29% of whom received more than 1 dose. The most common dose given was 2.5 mg (2.5-5 mg), and the most common route was oral followed by subcutaneous (91% and 9%, respectively). The average INR for which vitamin K was administered was 6.6 (SD 1.7). At discharge, 38% of patients who did not receive vitamin K left the hospital with a supratherapeutic INR (38% vs 23%; P = .372).
There was no statistical difference in occurrence of bleeding events between patients who received vitamin K and those who did not (2/17 [12%] vs 1/34 [3%]; P = .255). There were a total of 3 bleeding events: gastrointestinal bleed, subconjunctival hemorrhage, and hemorrhagic pleural effusions in the setting of malignancy. Patients who received vitamin K had more readmissions within 30 days of discharge (4/17 [24%] vs 6/34 [18%]; P = .714) and had longer lengths of stay (7 days vs 4 days; P = .112) than patients who did not receive vitamin K, although this was not statistically significant. The etiologies for readmissions included congestive heart failure exacerbation, subsequent supratherapeutic INR values, cellulitis, pneumonia, syncope, and gastrointestinal upset. There was no evidence of the development of thromboembolism diagnosed during the hospital visit or subsequent readmissions. Based on survey results, there was a statistically significant difference between the familiarity of prescribers and pharmacists with changes in recommended guidelines. All pharmacists (100%) were familiar with guidelines pertaining to management of supratherapeutic INR values compared to 48% of providers (P = .0018). Ninety-two percent of hospital pharmacists were aware of the recommendation changes from the 2008 to 2012 guidelines compared to 29% of providers. The survey showed that 29% of providers utilized guidelines for management of elevated INR compared to 70% of pharmacists ( Table 3) .
DISCUSSION
Our study found that administering vitamin K for supratherapeutic INR does not result in a statistically significant reduction in bleeding events during hospital admission. These results are comparable to findings appreciated in previous studies. 7 This suggests that withholding vitamin K is safe in nonbleeding Supratherapeutic INR and Use of Vitamin K patients with INR values 4.5 to 9. We found a trend toward increased health care resource utilization with the administration of vitamin K for elevated INR values. There was a trend toward a longer length of hospital stay and higher readmission rates in patients who received vitamin K. The reasons for this trend is not clear, but it is possible that vitamin K administration led to subtherapeutic INR values, which in turn required bridging upon reinitiating anticoagulation therapy. Furthermore, patients discharged with subtherapeutic INR values in the setting of comorbidities may be at risk for complications and readmissions.
A recent study found that hospitalized patients with atrial fibrillation benefit from vitamin K antagonist therapy by having a lower mortality. This may suggest that the use of vitamin K therapy in hospitalized patients may be harmful when not indicated. A major limitation of that study was that INR values were not assessed. 10 Literature has reported that educational interventions improve compliance for appropriate use of vitamin K therapy. 11 Additionally, pharmacist guidance with warfarin administration has shown greater achievement of therapeutic INR. [12] [13] [14] [15] Combined with findings from our survey, this suggests that pharmacists can play an important role in ensuring proper management of vitamin K therapy.
This study had some notable limitations. Retrospective studies are subject to selection biases and confounding variables. Other limitations of the study include its single-center design and small sample size.
Given the small sample size, we were unable to carry out a power analysis. Due to the exclusion criteria of intensive care unit patients, sicker patients with major bleeding may have been excluded, leading to a reduced number of reported bleeding events. Assessment of bleeding events depended on provider documentation, which could be incomplete or subjective. Also, the upper limit of INR values at our institution was 9, and thus individuals with INRs between 9 and 10 were not captured in the study. Additionally, an examination of patients' CHA2DS2-VASc scores was not carried out, as this also relies on complete and accurate provider documentation.
Based on our literature review, this is the first study that examined the impact that vitamin K administration may have on health care resources. It does not appear as if there is a significant impact on length of stay or readmission rates, which may lead to higher health care cost. Larger, multicenter studies conducted over a longer time period may determine whether the 2012 CHEST guidelines in regard to vitamin K use contribute to lower health care utilization.
CONCLUSIONS
With the national focus on the reduction of health care costs, health systems are looking at innovative ways to reduce readmission rates and length of stay. This study, which evaluated the use of vitamin K administration, showed no statistical difference between bleeding events, readmission rates, and length of stay in patients who received vitamin K. Other 1 (5) 1 (7) .8349
Education on the updates of guidelines may be beneficial, as many providers were not familiar with the changes in recommendations. Future studies are warranted to evaluate the effect of vitamin K administration on health care resources.
